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The nonleptonic weak decays of charmed and bottom hadrons are turning into a useful tool to learn about the nature of hadrons. Although weak interactions violate parity and isospin, the dominance of certain mechanisms at the quark level induced by the topology of the mechanisms and the strength of the different Cabibbo--Kobayashi--Maskawa (CKM) matrix elements, allows one to select certain decays modes that turn out to be sensitive to the production of some particular hadrons; see e.g. Refs. \[[@CR1]--[@CR3]\]. In this way, surprises are found like the strong signal of the $\documentclass[12pt]{minimal}
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In the present work we would like to follow this same line of reasoning but involving baryons rather than mesons. The reaction we study here is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda _b \rightarrow J/\psi ~ \Lambda (1405)$$\end{document}$, where the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda (1405)$$\end{document}$ is to be seen in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pi \Sigma $$\end{document}$ spectrum. This reaction is not measured yet but the related process $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda _b \rightarrow J/\psi ~ \Lambda (1115)$$\end{document}$ has already been measured by the D0 \[[@CR25]\] and the ATLAS \[[@CR26]\] collaborations. Further, there is experimental information on the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda _b \rightarrow J/\psi ~ K^- p$$\end{document}$ decay channel from the LHCb \[[@CR27], [@CR28]\] and CDF \[[@CR29]\] collaborations. No absolute values are provided for the latter decay and only ratios to other reactions are studied. Our work will allow us to relate the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda _b \rightarrow J/\psi ~ \Lambda (1405)$$\end{document}$ decay to the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda _b \rightarrow J/\psi ~ K^- p$$\end{document}$ decay and ratios between the invariant $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$K^- p$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pi \Sigma $$\end{document}$ mass distributions will be provided.

The reason to suggest the measurement of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda (1405)$$\end{document}$ in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda _b$$\end{document}$ decay is the relevance of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda (1405)$$\end{document}$ as the most significant example of a dynamically generated resonance. Indeed, very early it was already suggested that this resonance should be a molecular state of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\bar{K} N$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pi \Sigma $$\end{document}$ \[[@CR30], [@CR31]\]. This view has also been invoked in Ref. \[[@CR32]\]. However, it was with the advent of chiral unitary theory that this idea gained strength \[[@CR33]--[@CR47]\].

One of the surprises of these works is that two poles were found for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda (1405)$$\end{document}$.[1](#Fn1){ref-type="fn"} The existence of two states was hinted in \[[@CR48]\], using the chiral quark model, and it was found in \[[@CR36]\] using the chiral unitary approach. A thorough search was conducted in \[[@CR40]\] by looking at the breaking of SU(3) in a gradual way, confirming the existence of these two poles and its dynamical origin. One of the consequences of this two-pole structure is that the peak of the resonance does not always appear at the same energy, but varies between 1420 and 1480 MeV depending on the reaction used \[[@CR49]--[@CR56]\]. This is because different reactions give different weights to each of the poles. While originally most reactions gave energies around 1400 MeV, the origin of the nominal mass of the resonance, the $\documentclass[12pt]{minimal}
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                \begin{document}$$\Lambda (1405)$$\end{document}$ is unavoidably produced. To calculate the corresponding decays, we shall use two different models of the coupled-channels interaction: One of them \[[@CR63], [@CR64]\] uses the lowest order chiral Lagrangians slightly modified to fit the photoproduction data from CLAS \[[@CR53], [@CR54]\]. The other one incorporates explicitly the next-to-leading order Lagrangian with coefficients that are also fitted to the same data \[[@CR65]\]. The latter approach has been used to generate theoretical uncertainties, which are important for judging the precision achieved. In spite of the apparent differences, the results for different observables are remarkably similar in both approaches and the two poles obtained are practically identical and quite similar to those obtained in \[[@CR40]\].
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Formalism {#Sec2}
=========

In this section we describe the reaction mechanism for the process $\documentclass[12pt]{minimal}
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                \begin{document}$$L=1$$\end{document}$. Moreover, since the final mesons and baryons are in the ground state and in s-wave to each other, all the angular momenta in the final state are zero. Consequently, the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\bar{q} q$$\end{document}$ pair cannot be produced elsewhere, but between the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$s$$\end{document}$ quark and the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ud$$\end{document}$ pair as depicted in Fig. [1](#Fig1){ref-type="fig"}.
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As already described in the introduction, the baryonic $\documentclass[12pt]{minimal}
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Summary of the Bonn model {#Sec3}
-------------------------

The model described in the present subsection has been developed originally in Ref. \[[@CR75]\] and used first for the analysis of the lowest $\documentclass[12pt]{minimal}
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The driving term of this model is the chiral potential, derived from the leading and next-to-leading order chiral Lagrangian in the three flavor formulation; see Ref. \[[@CR77]\]. In the on-shell approximation, this potential reads$$\documentclass[12pt]{minimal}
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At any finite order, the strict chiral expansion of the scattering amplitude in the baryon sector is restricted to a certain range around the point $\documentclass[12pt]{minimal}
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Summary of the MV model {#Sec4}
-----------------------
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Results {#Sec5}
=======

After having set up the framework, we present here our predictions for the $\documentclass[12pt]{minimal}
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In Fig. [4](#Fig4){ref-type="fig"} we show the final results for both the Bonn and the MV models. In the $\documentclass[12pt]{minimal}
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                \begin{document}$$\Lambda (1405)$$\end{document}$ resonance, depending on the particular production dynamics. In the present case, the highest pole is the one that shows up dominantly.

On the other hand, the qualitative agreement in Fig. [4](#Fig4){ref-type="fig"} of the results between the MV and Bonn models is quite remarkable, given their theoretical differences and fitting strategies as explained before. Nonetheless we can regard the difference between the models as the main source of the theoretical uncertainty.

While the overall normalization of the invariant mass distributions is unknown, the shape and the ratio between the $\documentclass[12pt]{minimal}
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                \begin{document}$$\bar{K} N$$\end{document}$ distribution is 3.3 for the MV and 3.5 for the Bonn model. The value of that ratio as well as the shape of the distributions are then genuine predictions of the chiral unitary approach. As already stated, the differences between the different curves can be considered as an estimation of the theoretical uncertainty. In conclusion, Fig. [4](#Fig4){ref-type="fig"} serves to predict the invariant mass distributions of either $\documentclass[12pt]{minimal}
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Summary {#Sec6}
=======

We have carried out a theoretical study of the $\documentclass[12pt]{minimal}
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The key point of the chiral unitary models is that the $\documentclass[12pt]{minimal}
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                \begin{document}$$\Lambda (1405)$$\end{document}$ comes out as dynamically generated. Actually, two poles are predicted for this resonance. Accordingly, we implement the final-state interaction of the meson--baryon pair, using two different theoretical models \[[@CR64], [@CR65]\]. The MV model \[[@CR63], [@CR64]\] uses as the kernel of the unitarization procedure the lowest order meson--baryon chiral Lagrangian slightly modified to fit photoproduction data. On the other hand, the Bonn model \[[@CR65]\] includes in the kernel from higher order meson--baryon Lagrangians fitted to photoproduction and meson--baryon cross section data.
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The results for both theoretical models used in the present work are qualitatively similar and their differences can be considered as the theoretical uncertainty of this calculation. The line shapes of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\bar{K} N$$\end{document}$ distributions and their relative strengths are predictions of this model which could be compared to future experimental measurements amenable to study the $\documentclass[12pt]{minimal}
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In fact, one might thus speak of two $\documentclass[12pt]{minimal}
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                \begin{document}$$t_{ij}$$\end{document}$ denotes the s-wave contribution to the scattering matrix.

Which is unfortunately not very common in such studies.
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